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Tackground: Posttraumatic aortic rupture is a potentially lethal injury. Endovascular
rocedure has recently proved to be a valid option. Timing of the treatment,
owever, is still a debated issue. We evaluated the feasibility and safety of imme-
iate stent-graft repair of acute posttraumatic aortic injury.
ethods: From 1998 to 2005, 15 patients (11 men and 4 women, mean age 42.3
ears) with blunt aortic injury were treated with immediate stent-graft positioning.
n patients with clinical and radiologic signs of impending rupture, endovascular
reatment was performed in an emergency setting (11 cases). In the 4 remaining
atients the aortic lesion was treated after clinical management. When present,
mmediate life-threatening nonaortic lesions were treated before endovascular stent-
ng (6 cases). In 1 case emergency laparotomy and endovascular procedure were
erformed simultaneously. Stent positioning was monitored by intraoperative trans-
sophageal echocardiography in all cases.
esults: Endovascular procedure was successful in 100% of the patients. Two
atients died perioperatively as a consequence of a multiorgan failure. Both patients
ere in American Society of Anesthetists class V and were in severe intractable
emorrhagic shock before the procedure. Computed tomography scan performed
efore discharge showed correct positioning of the stent graft and absence of
ndoleaks in all cases. At a mean follow-up of 29 months (range 1-79) all patients
ere alive but 1, who died of unrelated cause, and no intervention-related compli-
ation had occurred.
onclusions: Immediate stent-graft repair of posttraumatic aortic injury is a feasible
nd safe procedure. It allows us to minimize the surgical risks and to treat stable and
nstable lesions even when associated lesions would contraindicate traditional
urgical intervention.
lunt aortic injury (BAI) is the second greatest cause of posttraumatic death,
and it is often fatal in the early hours after injury.1,2 In the great majority of
the cases it is caused by rapid deceleration in road accidents, and patients
ave severe multiple trauma such as craniocerebral trauma, thoracic trauma with
ung contusion and multiple rib fractures, intra-abdominal parenchymatous bleeding
esions, and bone fractures. Despite recent advances in surgical and circulatory
ssistance techniques, early surgical repair, although often necessary, is still affected
y high mortality and morbidity rates3,4 or is not feasible due to the presence of
ssociated lesions.
Since the first report in 1994 by Dake and colleagues,5 endovascular stent
rafting has emerged as a valid, less invasive alternative to open surgical treatment
or thoracic aorta diseases. Some authors have recently demonstrated the safety and
ffectiveness of endovascular stent-graft repair of BAI, even in patients with severe
olytrauma.6,7 However, optimal timing of the treatment and management of the
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A
CDssociated lesions is still debated. According to some au-
hors, delayed treatment is associated with better results.8,9
he purpose of the current study was to prospectively
valuate the early and medium-term results of immediate
ndovascular repair of BAI in patients with severe
olytrauma.
aterial and Methods
rom 1998 to December 2004, 15 patients had descending aorta
ransluminal stent-graft repair for acute BAI. In the same period, at
ur institution, a total of 97 thoracic endovascular procedures were
erformed. The patients’ mean age was 42 years (range 22-69) and
1 patients were men. The cause of the injury was rapid deceler-
tion from blunt trauma due to road accidents in 14 cases (8 car
ccidents, 5 motorcycle accidents, 1 bicycle accident) and to a fall
rom a tree in the remaining case.
All patients suffered from severe trauma with multiple associ-
ted lesions including: lung contusion and/or multiple rib fractures
ith pneumo- and/or hemothorax (n  13), blunt cerebral contu-
ion (n  6), liver laceration (n  2), spleen injury (n  3),
triocaval laceration (n  1), spine fractures with (n  2) or
ithout (n  1) spinal cord injury, pelvic fractures with major
ematoma (n  2).
Hemodynamic instability and shock, defined as a systolic
rterial pressure  90 mm Hg and cardiac pulse  120 beats/
in, was present in 10 patients and in 2 was not reversed after
uid management (infusion of 2000 mL crystalloids) and ad-
inistration of vasoconstrictors (norepinephrine, epinephrine).
ne patient had cardiac tamponade; 5 were unconscious (Glas-
ow Coma Score  8).
Aortic disruption was detected at computed tomography (CT)
can in 14 cases. In 1 patient with cardiac tamponade who had
mergency sternotomy for an aortocaval laceration, the rupture
as diagnosed at intraoperative transesophageal echocardiogra-
hy. In 2 patients, additional digital subtraction angiography was
erformed to confirm the diagnosis and assess supra-aortic vessel
nvolvement.
herapeutic Protocol and Stent-Graft Procedure
ll patients were diagnosed in the acute phase. Stent-graft repair
as considered as the first-choice treatment in all anatomically
uitable patients with acute aortic disruption. Lack of straightness
f the iliac-femoral axis was not considered a contraindication to
tent positioning. Contraindications to endovascular treatment
ere proximal neck length less than 0.5 cm and transverse aortic
iameter not suitable for available endoprosthesis. Following Ad-
anced Trauma Life Support guidelines, any imminently life-
hreatening injury such as abdominal or intracranial hemorrhage
as treated before stent-graft implantation. Patients with imaging
Abbreviations and Acronyms
BAI blunt aortic injury
CT  computed tomographyndings and/or clinical signs that suggested impending rupture had t
054 The Journal of Thoracic and Cardiovascular Surgery ● Mamergency endovascular repair. The imaging findings included:
eriaortic and mediastinal hematoma, hemorrhagic pleural effu-
ion, discontinuity of the aortic contour (Figure 1). Clinical signs
ncluded: pseudocoarctation syndrome, hemorrhagic shock with
assive pleural effusion (1500 mL). In patients with both im-
inently life-threatening lesions and unstable aortic disruption, a
imultaneous surgical and endovascular approach was attempted
hen feasible. Stable aortic lesions were treated after fluid man-
gement, adequate clinical stabilization, and treatment of associate
esion.
Stent procedures were performed in a cardiac surgery operating
igure 1. Preoperative CT scan showing posttraumatic disruption
f aortic isthmus with large periaortic and mediastinal hematoma
uggesting impending rupture.heater by a combined team of cardiac surgeons and radiologists,
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A
CDith patients under general anesthesia. All procedures were mon-
tored with a portable Philips BV 300 C-arm image intensifier with
igital subtraction (Philips Medical System, Eindhoven, Nether-
ands) and by an echocardiograph (Vigment System Five, Horten,
orway) equipped with a multiplanar transesophageal probe. A
igtail catheter was introduced into the ascending aorta through a
ight brachial approach for pre- and postoperative aortography.
epending on the risk of bleeding, a maximum dose of 5000 UI of
eparin was administered. In all patients a Talent self-expanding
ndograft (Medtronic AVE, Santa Rosa, Calif.) was implanted.
hirteen patients required 1 segment and 2 patients required 2. The
ize of the prosthesis was determined on the basis of the CT scan
mages. The grafts were 15% to 20% larger than the adjacent
ormal aorta transverse diameter. In our series, the average pros-
hesis size was 28 (range 26 to 34). In 2 patients with short
roximal neck, the left subclavian artery was covered with no
ostoperative complications. Vascular access was obtained by
urgical exposure of the common femoral artery in 12 patients, of
he external iliac artery in 2, and of the infrarenal aorta in 1.
ystemic hypotension was induced during deployment of the stent
raft to avoid graft displacement. After the procedure was com-
leted, a digital subtraction angiography and echocardiography
ith color-flow mapping were performed to verify the correct
ositioning of the stent and to detect any primary endoleak.
ollow-up consisted of CT scan before hospital discharge, at 1, 3
nd 6 months, and yearly thereafter.
esults
ll the 15 patients admitted to our institution from 1998
ith diagnosis of BAI met the criteria for endovascular
reatment, and none of them had traditional surgical repair.
ollowing our protocol, 11 patients had emergency stent-
raft repair of the aortic disruption due to the presence of
adiologic or clinical signs suggesting impending rupture. In
of these patients stent grafting was performed after emer-
ency surgical treatment of coexisting nonaortic life-
hreatening lesions: splenectomy in 3 patients, liver suture
n 1, and simultaneous liver suture and aortocaval laceration
uture through median sternotomy in the remaining patient,
ho had abdominal hemorrhage and cardiac tamponade.
ne patient with hemodynamic instability for abdominal
emorrhage and signs of impending rupture of thoracic
orta had simultaneous laparotomy and stent grafting
hrough abdominal aorta. The same patient also had a bra-
hiocephalic artery pseudoaneurysm involving the origin of
he right carotid artery; a few days after stent-graft implan-
ation the patient had a right carotid to right subclavian
rtery surgical translocation and the apposition of 2 partially
verlapping balloon expandable stent grafts (Jomed) in the
nnominate artery. The left common carotid artery, con-
iguous to the origin of the brachiocephalic trunk, was
rotected from possible superimposition by a bare stent
Figure 2).
The remaining 4 patients were treated after clinical sta-
ilization and did not require any additional surgery. The
ean time from the diagnosis to treatment was 19.4 hours k
The Journal of Thoracicrange 3 to 122 hours). In all patients stent graft was placed
ithout any difficulty and immediate technical success rate
as 100%, as the aortic lesion could be excluded in all cases
s intended. Two patients (13%) died perioperatively. Death
ccurred a few hours and 2 days, respectively, after the
rocedure as a consequence of a posttraumatic multiorgan
ailure. Both patients had multiple severe thoracoabdominal
esions and were in American Society of Anesthetists class
; they were treated in the emergency room due to the
resence of severe hemorrhagic shock that was not respon-
ive to fluid management and vasoconstrictor administra-
ion. One patient also required an explorative laparotomy
ith liver suture before graft implantation. In both patients,
ndovascular procedure was carried out successfully.
Intensive care unit stay ranged from 1 to 30 days (mean
tay 8 days) and was related to the severity of associated
esions. Ten patients (67%) required prolonged ventilation,
nd acute reversible renal failure (serum creatinine  1.5
g/dL) occurred in 4 patients (27%). There were no neu-
ologic complications (paraplegia or stroke) after the pro-
edures. One patient had paraplegia before stent implanta-
ion due to thoracic spine myelic fracture. No other major
omplication, including embolization or stent migration,
ccurred. A postimplantation syndrome, consisting of leu-
igure 2. A, Intraoperative angiographic control after stent-graft
eployment in the thoracic aorta showing innominate artery
seudoaneurysm and intimal flap in the right common carotid
rtery (black arrow). B, Angiographic control after surgical relo-
ation of the right carotid artery on the right subclavian artery
black arrow). C, Angiographic control after stenting of the in-
ominate artery (black arrow).ocytosis and fever, was observed in all patients.
and Cardiovascular Surgery ● Volume 131, Number 5 1055
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1
A
CDPostoperative CT scans performed before discharge
howed correct positioning of the stent-graft and complete
ealing of aortic rupture in all 13 survivors. After a mean
ollow-up of 29 months (range 1 to 79) all patients are alive
nd in good health except for 1 who died of an unrelated
ause (pulmonary cancer). At CT scan, no stent-graft fail-
re, leak, or distal migration was detected in any of the 12
urvivors.
iscussion
iming of repair of BAI is still a debated issue.10-12 For
everal decades standard surgical practice has dictated that
raumatic aortic rupture must be treated by immediate sur-
ical repair.13 In fact, despite advances in surgical tech-
iques, in severe polytrauma patients, immediate surgical
epair of BAI is still affected by high mortality and mor-
idity rates and is often not even feasible. According to
ost recent reports, mortality ranges from 6.7% to 31% and
araplegia ranges from 0% to 36.4%.2-4,14,15 In the past few
ears some authors have suggested postponing surgical
reatment until after medical stabilization of patients with
ultiple traumas to minimize mortality and morbidity rates
onnected with early repair.10,11,16-18
Since the first successful experience in the endovascular
reatment of thoracic aorta, reported by Dake and colleagues
n 1994,5 endovascular technique has significantly improved
nd stent-graft repair has proved a safe and valid option for
oth acute and chronic pathologies. Recently many authors
ave reported success with early stent-graft repair of post-
raumatic aortic lesions.19-22 Stent grafts allow surgeons to
inimize or eliminate traumatism connected with open
urgery. The patient is positioned supine; thoracotomy, one-
ung ventilation, cardiopulmonary bypass, and complete
nticoagulation are not required. The thoracic aorta is not
rossclamped and, because usually lesions involve short
egments of thoracic aorta, only the proximal portion of the
escending aorta needs to be covered, reducing the risks of
ostoperative paraplegia. Furthermore, patients with BAI
re usually young: atherosclerotic disease of the aorto-iliac-
emoral axis and of the proximal and distal landing zones is
nlikely. Therefore, immediate treatment of BAI has be-
ome an attractive option, including for unstable patients
ith multiple traumas.
In the literature, however, there is no general agreement
bout the timing of treatment of BAI. Fattori and col-
eagues8 recently reported their experience with delayed
ndovascular treatment of BAI. Among their 19 patients, 8
ere diagnosed in the chronic phase. Of the remaining 11
ases, 9 were scheduled for a delayed treatment and 2
equired emergency treatment for imaging signs of impend-
ng rupture. The authors concluded that patients with unsta-
le lesions should be treated as an emergency and other l
056 The Journal of Thoracic and Cardiovascular Surgery ● Maatients should have delayed treatment after stabilization of
onaortic lesions.
Bortone and colleagues23 compared patients who had
mmediate and delayed endovascular treatment for acute
ype B aortic dissection and posttraumatic aortic disruption.
hey found that in 1 patient suffering from BAI who was
cheduled for a delayed treatment, “surgical removal of the
seudoaneurysm was still necessary because of further com-
ression of the airway stem.” They concluded that imme-
iate treatment allows safe management of all patients with
omplete healing of the aortic wall and regression of the
seudoaneurysm.
In our series all patients had multiple traumas. Ten
atients had hemodynamic instability and shock. Blunt ce-
ebral contusion was present in 6 cases and a major bleeding
esion in 8 (spleen injury, atriocaval laceration, liver lacer-
tion, and pelvic fractures). Mortality and morbidity con-
ected to emergency traditional surgical repair would likely
ave been prohibitive in most of the patients. But according
o radiologic and clinical criteria, immediate repair was
equired for suspected impending rupture in 11 patients.
tent grafting was feasible in these unstable patients too and
eant risks connected with delayed treatment could be
voided.
The mean age in our series was 42 years and all patients
resented healthy aorto-iliac-femoral axis. In only 2 cases 2
egments were implanted, and in the remaining 13 cases, 1
egment was sufficient to exclude the rupture. The subcla-
ian artery was partially covered in 2 cases without clinical
onsequences. Endovascular procedure was carried out suc-
essfully and the aortic wall completely sealed in all cases.
wo patients died perioperatively, but death was unrelated
o the procedure. These data confirm that BAI is an ideal
ondition for endovascular treatment: it usually affects
oung patients with healthy peripheral arteries and involves
small portion of proximal descending aorta.
Following the Advanced Trauma Life Support Manual,
ll imminently life-threatening lesions were treated before
ortic stenting. Sometimes, in patients with coexisting life-
hreatening nonaortic lesions and signs of impending rup-
ure, it is difficult to define a therapeutic priority. In our
eries, procedures were performed in a cardiac surgery
perating theatre with a surgical and radiologic team. This
trategy allowed us to perform combined surgical and en-
ovascular treatment in high-risk patients in which thera-
eutic priority was uncertain. One patient with bleeding
iver lesion and signs of impending aortic rupture had si-
ultaneous liver suture and aortic stent grafting. Another
atient with cardiac tamponade had full sternotomy for
triocaval suture and, after an intraoperative transesopha-
eal echocardiography revealed BAI, had immediate endo-
ascular repair. Other patients with both major bleeding
esions and unstable aortic lesions had surgical repair of
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A
CDonaortic lesions in less specialized hospitals before admit-
ance to our trauma center.
At a mean follow-up of 29 months, no major complica-
ions, including perigraft leak, graft migration, or distal
mbolization, were encountered. This confirms the anatom-
cal suitability of BAI for endovascular treatment. From our
xperience it appears that with early treatment, mortality is
onnected to severity of trauma and associated lesions
ather than to the procedure itself.
The comparatively low number of patients constitutes a
imitation of our study, and further follow-up is mandatory
o confirm our results. However, we can conclude that due
o its low degree of invasiveness and the anatomical suit-
bility of the lesion, immediate endovascular stent graft of
cute posttraumatic aortic rupture appears to be safe and
ffective. It is particularly suitable for patients with severe
olytrauma, unstable aortic lesions, and major associated
esions, in which case it is probably the first-choice treat-
ent. If procedures are carried out in a cardiac surgery
perating theatre, combined endovascular and surgical
reatment is feasible. It appears to be a valid option for
atients with coexisting life-threatening nonaortic lesions
nd signs of impending aortic rupture, cases where it is hard
o define the priority of treatment.
Endovascular treatment is a relatively new procedure;
he first application in the thoracic aorta was described in
994,5 and recently some authors reported high rates of
omplication, albeit in particular types of patient.24,25 So
urther studies on larger number of patients, and with longer
ollow-up periods, are necessary to definitively validate this
echnique, especially applied to a young population of pa-
ients like ours. Further studies on patients with stable
osttraumatic aortic lesions are also required to assess the
ptimal timing of treatment, whether early or delayed.
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